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An analysis o f high-spin particle-hole e x c i t a t i o n s l ) neighbourhood o f 1.6 MeV. The unexpectedly l a r g e i n the N=82 nucleus 1 4 6~d has indicated t h a t there .77 Meli energy s p l i t i s due t o the dominant i s a l a r g e gap i n the s i n g l e p a r t i c l e spectrum a t c o n t r i b u t i o n o f the 1 4 6~d core octu-Z=64, and i n several recent investigation^^'^) we pole. (The analogous energy separation o f the 13/2+
could show t h a t the y r a s t spectra o f few-valenceand 15/2' members of the h X 3-septuplet i n 20g~i i s 140 keV).
9/2 p a r t i c l e n u c l e i around 146~d can be w e l l described w i t h i n the spherical she1 l model using empirical one-and two-nucleon i n t e r a c t i o n energies. S i m i l a r techniques have e a r l i e r 4 ) been successfully applied t o analyze the h i g h spin states o f nuclei close t o the doubly closed '08pb. One thus f i n d s t h a t the -f u l l y o r near f u l l y aligned -few-particle y r a s t configurations have r a t h e r s i m i l a r c h a r a c t e r i s t i c s i n the 2 0 8~b and 146~d regions. However, the propert i e s o f the phonons' d i f f e r strongly i n the two core nuclei. The 3-as well as t h e 2' s t a t e i n 146~d occur a t much lower e x c i t a t i o n than i n '08pb.
Furthemore, i n contrast t o 208~b, where many proton and neutron p a r t i c l e -h o l e e x c i t a t i o n s contribute5) t o the 2.6 MeV 3-state, the 146~d octupole has a dominant dl l / 2d; ) 2 component; a p r e l i m i n a r y RPA calculation6) gives s.75 f o r the ~~h~~~~d ; :~ amplitude o f the 1.6 MeV 3-state. One therefore expects t h a t the coupling modes o f h l l f 2 valence protons t o the 146~d 3 s t a t e w i l l be strongly influenced by t h e Pauli p r i n c i p l e . tiamamoto 5 , has considered the problem o f -tile coupling o f a s i n g l e p a r t i c l e (or hole) t o the octupole v i b r a t i o n i n '08pb and has presented the lowest-order diagrams which c o n t r i b u t e t o the We have r e c e n t l y i n an (a,8n) experiment i n v e s t ienergy s h i f t s i n a p a r t i c l e plus phonon m u l t i p l e t .
gated2) the one-particle nucleus 147~b, which has The diagram appropriate t o the case o f the 147~b an h l l I 2 proton i n i t s ground s t a t e ( f i g . 1). The 1 4 7~b d p l h y r a s t states i n the 2.5 t o 3.5 MeV region provide one example f o r the a p p l i c a b i l i t y o f the spherical s h e l l model f o r the n u c l e i around 146~d. Rather good agreement w i t h experiment i s found f o r the energies calculated w i t h empirical two-nucleon i n t e r a c t i o n s taken from the known 1,7) l e v e l spectra o f 14%d and 148~y.
The .measured E3 t r a n s i t i o n r a t e o f 31 t 6 U.U. f o r the 1266 keV ground s t a t e t r a n s i t i o n characterizes the 15/2' s t a t e as an octupole e x c i t a t i o n , and we i n t e r p r e t t h e 2038 keV l e v e l as the 1712' member o f the " h l l l 2 X 3-septuplet expected i n the h l l f 2 X 3-coupling, w i t h two hll f2 p a r t i c l e s and one dg12 hole i n the intermediate s t a t e i s shown i n fig. 3 , bottom l e f t . When the h l l f E valence pro.-ton i s added t o t h e 3-s t a t e o f the core, the l a r g e "h11f2d;j2 component o f the octupole s t a t e w i l l be e f f e c t i v e l y blocked o u t by the P a u l i p r i n c i p l e i n some coupled states, and t h e i r energies w i l l consequently be much higher than t h e unperturbed 3- I n the y r a s t decay t h e complete ~h :~/~ m u l t i p l e t i s populated, together w i t h 5-and 7-two-proton s t a t e s which i n v o l v e s l i 2 and d3/2 valence p a r t i c l e s .
A t I = 10 the 148~y valence s p i n i s exhausted and h i g h e r y r a s t s t a t e s must i n v o l v e breaking o f the 146~d core. Since the 3-octupole i s t h e lowest
core e x c i t a t i o n , the y r a s t l i n e can be expected t o continue by e x c i t a t i o n s o f t h e type 10' X 3-. I n the experiment, the strong 1061 key E l t r a n s i t i o n i s found8) t o populate the 148~y lot isomer from a 3980 keV 11-l e v e l , which we i n t e r p r e t as t h e lowest member o f t h e octupole m u l t i p l e t b u i l t on t h e 2 n h l l , 2 10' state.
I n t h e 148~y lot s t a t e a t 2919 keV, two h l l 1 2 protons a r e a l i g n e d and i n t h i s case one can expect t h e lowest member o f t h e octupole m u l t i p l e t t o be two u n i t s i n s p i n l e s s than the maximally a l i g n e d 13' member. 
keV s p l i t t i n g o f t h e 1 5~2 ' and 1712' l e v e l s i n 147~b, we have c a l c u l a t e d t h e expected energy s h i f t s 2 f o r the f o u r highest s p i n members o f t h e h l
l L 2 X 3-m u l t i p l e t i n 148~y. (The I' = 10 and 8 couplings both c o n t r i b u t e t o the 11-and 10-states, and the t h e o r e t i c a l energies shown are t h e lower energy s o l u t i o n s obtained by d i a g o n a l i z i n g the i n t e r a c t i o n i n t h i s two-dimensional basis). I n f i g . 3 the c a lc u l a t e d l e v e l energies are compared w i t h t h e experimental r e s u l t s . The good agreement w i t h the observed 11-, 12-energies provides strong support f o r the i n t e r p r e t a t i o n o f these s t a t e s as octupole m u l t ip l e t members, I n f u t u r e experiments i t may be possible t o l o c a t e a d d i t i o n a l members o f t h e 2 h l l L 2 X 3-mu1 t i p l e t , p a r t i c u l a r l y the 13-member which should be an y r a s t s t a t e .
The f a c t t h a t the e x c i t a t i o n energy o f the 3-octu-
p o l e s t a t e i s h i g h e r i n 148~y than i n 146~d can a l s o be understood as a P a u l i i n t e r f e r e n c e e f f e c t . This slightly smaller increase of the 3-energy in 148~v i s not unexpected since the proton pair in the 148~y ground s t a t e also partially occupies the slj2 and dgj2 orbitals. and ( 160,4n) and s h e l l model configurations (refs .
, 8 )
As f a r as we know, t h i s type of particle phonon exchange coupling involving two particles has not been observed before; i t i s encouraging that the empirical coupling strength derived from the oneparticle case describes the more complex situation so well.
It i s noteworthy that octupole y r a s t s t a t e s w i t h A I < 3 systematically occur i n the nuclei above 146~d. In the Tb isotopes with N>82 low lying octupole s t a t e s are found, which due t o Pauli interference have AI = 2, analogous to the 1266 keV Octupole transitions with AI = 1 are found i n the y r a s t cascades of the Dy isotopes above 3 MeV excitation, where the two hllj2 valence protons are aligned. For example, i n the three particle nucleus 14'oys3 recent experimentsL) identif led a 984 keV 2 E l transition feeding the 2661 keV (nhllj2 vf7f2)2712-state, suggesting a (27/2-X 3-)29(2+ configuration for the 3645 keV level. In 150~y84 a 742 keV E l transition deexci tes12) .the 5813 keV 19-octupole 2 s t a t e t o the (rhlliZ vf7i2hgf2)18+ level, and i n 2 151Dy the (rhlll2 ~h~~~f~~~) 4 1 / 2 -s t a t e i s fed13) by an 839 keV E l from the (41/2-X 3-)4312' y r a s t s t a t e a t 5743 keV. In a l l cases these octupole excitations are b u i l t on yrast s t a t e s i n which a l l available ~h~~/~, ~f~~~ and vhgf2 valence spins are fully aligned. The f a c t that octupole core excitation competes successfully with l i f t i n g of a neutron into the ilSf2 orbital reemphasizes the rather high single particle energy of that orbital noted i n earl ier14) spectroscopy studies .
